Antigen detection methods may facilitate diagnosis of Giardia lamblia in stool specimens. As determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis and immunoblotting, G. lamblia cysts and trophozoites share several antigens, especially in the 65-kilodalton and 30-to 34-kilodalton regions. By using blind methods, we compared results obtained by counterimmunoelectrophoresis using cyst-immune rabbit serum and by enzyme-linked immunosorbent assay (ELISA) using trophozoite-immune rabbit serum with results obtained by microscopic examination of a preserved, concentrated, and permanently stained stool specimen. Results were similar when these three methods were used to examine 118 stool specimens from clinical microbiology laboratories (53 specimens with G. lamblia) and specimens from 239 day-care-center toddlers (39 specimens with G. lamblia). Compared with microscopy, we found, for counterimmunoelectrophoresis and ELISA, respectively: sensitivity, 88 versus 94%; specificity, 97 versus 95%; positive predictive value, 86 versus 76%; negative predictive value, 98 versus 97%; and concordance, 89%. The false-positive rate by ELISA was 24% (10 of 42) in day-care-center toddlers but only 3% (1 of 32) in healthy adults (P < 0.04) as corroborated by microscopy. This discrepancy suggests that the ELISA may be more sensitive than microscopy, which is considered the reference standard, and that results may be dependent, in part, on the epidemiology of the infection in the study subjects.
Reliable information on the epidemiology and natural history of Giardia lamblia infections has been limited because the sensitivity of microscopic diagnosis of the parasite in concentrated stool specimens varies from 46 to 95% (1, 6, 12, 13) . Examination of multiple samples may be required for diagnosis, particularly from persons with early (9) or chronic infections (3) . Other diagnostic methods, some of which require sampling of the small bowel, are more expensive, uncomfortable, and invasive (6, 10, 13) . Stool antigen detection systems for the diagnosis of G. lamblia infections have been reported to be highly sensitive and specific (2, 7, 14, 23, 24) . These methods may permit large numbers of stool samples to be tested rapidly and may reduce technician time and bias among observers.
Standard diagnostic methods are designed to detect the specific stages of the life cycle of G. lamblia, cysts and trophozoites. Microscopic examination of stool samples most often detects cysts (4, 21) , whereas duodenal aspiration and biopsy primarily identify trophozoites (6) . In contrast, antigen detection systems, although also designed to detect the distinct stages of the life cycle, show similar diagnostic accuracies. We identified the antigens detected by two antigen detection methods to understand the relationship between cyst and trophozoite antigens and to better define and standardize the assay systems. We performed the first blinded comparison of three noninvasive methods for diagnosis of G. lamblia infections from stool samples: micro-scopic examination, detection of cyst antigens by counterimmunoelectrophoresis (CIE), and detection of trophozoite antigens by enzyme-linked immunosorbent assay (ELISA).
(This work was presented in part at the 27th Interscience Conference on Antimicrobial Agents and Chemotherapy, New York, N.Y., 4 to 7 October 1987.)
MATERIALS AND METHODS
Antigen preparation. G. lamblia Portland-1 trophozoites, graciously provided by Ernest Meyer, were grown and prepared as previously described (8) . Purified cysts were prepared from human fecal specimens, as previously described (2), and were kindly provided, in part, by Charles Hibler. The cyst purity was assessed by microscopy (2), and the preparations were sonicated, centrifuged at 1,000 x g for 30 min, and preserved at -70°C.
Antigen analysis. Rabbit sera used in the antigen detection systems were compared by ELISA as previously described (8) (Fig. 1) . Silver staining of solubilized trophozoites also produced bands of 189, 88, 75, 68, 55, 47, and 34 kDa (13) . Immunoblotting of whole trophozoites with cyst-immune and trophozoite-immune rabbit sera revealed common trophozoite antigens of 185, 65, and 57 kDa and produced the strongest reactivity with heavy bands of 33 and 30 kDa (Fig. 2) .
Antigen detection in stool samples. The sensitivities and specificities of the two antigen detection methods (CIE and ELISA) were similar to results obtained by microscopy with stool specimens from day-care-center toddlers and with specimens submitted to clinical laboratories ( Table 1 ). The numbers of organisms identified by microscopy in 31 of 39 day-care-center samples examined in which G. lamblia was identified were rare to few in 48%, moderate in 16%, and many in 35%. Both CIE and ELISA showed negative results for two specimens in which G. lamblia was detected by microscopy. Two stool samples taken from patients 2 weeks after they started therapy for documented G. lamblia infections were negative by microscopy-one sample was positive by CIE, as was the one sample tested by ELISA. Thirteen stool samples with other parasites, including Entamoeba histolytica (n = 2), Cryptosporidium spp. (n = 7), Blastocystis hominis (n = 3), and others (Entamoeba coli, Entamoeba nana, Trichuris trichuris) showed negative results by both methods. Nine samples tested in a blind manner in duplicate by CIE (18) . We performed a blinded comparison with a reference standard of diagnosis on stool samples from patients with a spectrum of clinical manifestations. We described the clinical setting and exact methods for the study, the precision of the tests, and variation among observers. The advantage of antigen detection systems is that they provide rapid, sensitive, and reproducible results for large numbers of samples; they may be less labor-intensive, less expensive, and subject to less test-to-test variation than diagnosis of G. lamblia infections by microscopy. These assays serve as a useful adjunct to microscopic examination, which is directed to detect a spectrum of enteric infections.
CIE and ELISA antigen detection systems showed results similar to those of microscopic examination in a large, prospective, blinded comparison for the diagnosis of G. lamblia in stool specimens. Although cysts are usually identified five times more often than trophozoites in stool by microscopy (4, 21), these assays, which used rabbit sera hyperimmune to two distinct phases of the life cycle of G. lamblia, gave comparable results. Thé recognition of common antigens by these sera, especially those bands of 65 kDa, as first described by Rosoff and Stibbs (17) and Stibbs et al. (19) , and those between 30 and 34 kDa, which are also recognized by humans infected with G. lamblia (8, 20) , may in part explain this similarity. These cross-reactive antigens, which are recognized by the cyst-immune serum, are probably derived from trophozoites within the cysts. This crossreactivity was not described by another group, perhaps because of differences in immunization technique or in the method of antigen preparation (5) . The CIE assay may well detect other protein or nonprotein cyst wall antigens (5, 25) .
Antigen detection may be more sensitive, rather than less specific, than the reference standard, microscopic examination (14) . The Service, 1986 ) and who may excrete few organisms (3, 9, 15) , than among adults, who are at low risk of infection. False-negative samples were uncommon with both antigen detection methods. The true sensitivities of these tests could be determined best during an outbreak by testing acutely ill persons, with multiple specimens being taken from the same subjects (14) , and by using seeding studies.
We conclude that antigen detection systems provide an acceptable and convenient adjunct to microscopic examination for noninvasive method of diagnosis of G. lamblia in stool specimens. Further identification of parasite-specific antigens may be useful to standardize and improve the clinical utility of diagnostic methods and to define the natural history of these infections.
